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SUKnARY 



The main purpose of this report is to present the 
results of "general" tests on the hydr oiynami c character- 
istics of four related flying-Doat hull nodels of differ- 
in,- length-heam ratio. 

Evidence available "before the v/ork v/as started in- 
dicated that length-beam ratio had important effects on 
resistance and suggested that it might have important ef- 
fects on BOst of the hydrodynamic characteristics. The 
present investigation accordingly included consideration 
of five different characteristics, in an effort to gain 
perspective and to determine which characteristic were 
governing. The follov/in- were studied: 

(a) Resistance 

(h) Porpoising 

(c) ilain forehody spray blister 

(d) Bow spray in rough water (windshield wetting) 

(e) Yavring stability near hump speeds 

The tests were made by methods described in previous re- 
ports of the Stevens Experimental Towing Tank, and covered 
ranges of load and speed v/hich an earlier analysis of 
past practice had indicated to be of interest from a prac- 
tical point of view; values of C. and were 
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progressively increased as the length-team ratio v/as in- 
creased. The results are presented in terms of the usual 
ImACA nondimensi onal coefficients, which facilitates their 
application in anal^/ses or comparisons of different sorts, 

Tv/o comparisons are presented to shov/ the significance 
of 1 ength-h earn ratio under a given relationship of load to 
speed, one (fig* 2) for models having the same plan form 
area and the other (fig. 3) for models having the same "beam. 
These comparisons, for reasonal)ly high "beam loadings on the 
"basis of current practice ( = 1,00 for L/h = 6.19), in- 
dicate a general improvement m the hydrodynamic character- 
istics with increase of length-heam ratio, if not carried 
too far. 



IBTTRODUCTIOIT 



The ratio of length to heam is ohviously a major con- 
sideration of proportioning in the design of any type of 
hull. 

The flying-'boat hull is a special type of hull, which 
ordinarily has heen viewed as primarily a planing hull, 
and only secondarily as a displacement hull. In a planing 
hull, the emphasis has usually "been placed on "beam (and 
dead rise); within reason, the length of a planing htill is 
relatively imimportant while the hull is planing. The 
length hecom.es of major importance only at low speeds, he- 
fore planing has "been established, where it can affect the 
performance materially; it also controls the static flo- 
tation. Thus, hroadly speaking, the choice of the length 
and the choice of the heam of a flying-hoat hull are gov- 
erned "by different considerations. But, once "both have 
heen chosen for a particular case, the resiilt is a fixed 
hull of given length and given heam, and it is necessary 
to viev/ this result in over-all fashion, considering "both 
planing and displacement speeds; it is proper, also, to 
investigate the over-all effects of altering the ratio "be- 
tween length and "beam. 

It may often he desired to evaluate the effects of 
altering length on a fixed "beam, or of altering "beam on a 
fixed length. In hoth cases the length-heam ratio will he 
changed. But it will he clear that if the same change of 
length-'beam ratio is made in hoth ways, the resulting 
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Fig. 1 

-^-vS^^^^i^- 

Constant "beam 




Constant length 




Constant plan forr. area 



Hot e ; 

Conparisons on the "basis of Const ant Plan For m 
Area are believed to eliminate nost nearly the effects of 
differences of size. A comparison of this t}rpe^ for 
typical conditions of load and speed, is shown for the 
models hero considered, on Fig. 2. 

An additional comr)arison is included on Fig. 3 
to "bring out differences resulting from a failure to 
eliminate size as a factor. This comparison, for the 
same models and loading conditions, is on the "basis of 
Constan t Bea m; a comiparison on the hasis of Cons t ant 
Leng th would have served the same purpose. 



Figure 1.- Changes of length-beam ratio. 



NACA ARS 11 o. 4P15 



4 



hulls are certainly of different size, whatever reasonahle 
definition of size is adopted. (Se^ f^ig- 1 on po 3») 

Changes of size, under the same conditions of load 
and speed, are well known to affect the hydr odynami c char- 
acteristicsc Hence the true influence of 1 ength-teain 
ratio as such v;ill not "be "brought out if changes of size 
cannot e eliminated. This is not an entirely straight- 
forwa.rd matter, since size can be defined in various ways. 
However, the definition recently used "by Bell (reference 
l) is an entirely reasona"ble one, and certainly "better 
than most others. According to this definition, two 
hulls of differing length-"beam ratio are said to have the 
same size v/hen they have the same plan form area, L x "b . 

If the foregoing definition of size is adopted, the 
problem of determining the true influence of length-'beam 
ratio, apart from the influence of size, is reduced to 
that of comparing the hydrodynamic characteristics of 
hulls of differing length-beam ratio which have the same 
L X b product, under the same conditions of load and 
speed. '^VTien this is done, the load per unit plan form 
area remains fixed; the values of C^^ increase, hov/ever, 

v/ith increasing values of L/b, the relationship being 

3 /2 

C. proportional tc (L/b) (l) 

^0 

A recent analysis (reference 2) has indicated that an 
average of actual practice in the past, including both 
flying^boat hulls and seaplane floats in a v/ide variety 
of sizes and designs, is tolerably well represented by 
the relationship 

L/b = 6.05 C. • 

0 

which can be written 

3 

C^^ proportional to (L/b) (2) 

in v/hich form it is directly comparable with equation (l) 
and shov/s that, in fact, the beam loading has been allowed 
to increase with increasing values of L/b at a rate con- 
siderably faster (third power) than that corresponding to 
constant load on a given plan form area (three-halves 
pov/er). Equation (s) may perhaps rest upon somev/hat too 



MCA ARE iTo. UFI5 



5 



"bro'^.d a range of types and designs for present purposes. 
There is nevertheless the clear implication that the hy- 
drodynamic characteristics must have "been found to "be in- 
herently improved "by increase of 1 engt h-li earn ratio; other- 
wise, it is difficult to see how the higher loading could 
have "been acceptahle^ This implication \;as emphasized in 
laying out the test schedules for the present i nves t igat i o no 

The major purpose of the present investigation was to 
provide comprehensive hydrodynanic data for related models 
of differing length-^heam ratiOc ay a basis for analyses or 
comparisons of whatever type desired. An auxiliary purpose 
was to study bhe question hrought out in the foregoing dis- 
cussion; namely, the rate pt which the loading per unit plan 
form area may successfully "be ircreaced as the iongth-'beam 
ratio is increased, ITor the first iDurpose. the ex^c or 5 m ent al 
data p.re presented m geneial form^ in terms of the usual 
ITACA nondimens ional coefficients. As a start toward the 
second purpose, two representative comparisons are presented 
of selected models, to shov; the influence of length-heam 
ratio under fi.-ied loading conditicnsr 

Previous experimental investigations of the effects of 
altering len{;th-heam ratio have heen reported in: 

UcS.'E,MoB. Peport Fo , 5I ard reference 3 and U 

193!^, and 1937? r espect i vely) J which are concerned 
primarily with resistance characteristics 

Reference 5, June 19'-^35 which considers resistance and 
porpc is ing 

Reference 1, Octoher 19^3, which considers resistance 
and spray 

Reference 6, Decemher I9U3, which considers the spray 

at the how at low taxying speeds in waves (windshield 
wet t ing) 

Reference 7. ITovemher I9U3, which considers spray 

The present investigation was conducted at the Stevens 
Institute of Technology, Except for the work on how-spray 
characteristics, it was conducted under the sponsorship of, 
and with financial assistance from, the National Advisory 
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Comnittee for Aeronautics. The bow-spray work in rough 
water was carried out for the Bureau of Aeronautics, ITavy 
Department^ hut a summary of the results has subsequently 
been published by the UACAr (See reference 6.) 

SCOPE 0? THE EXPERIMENTAL IITYE ST IGAT I OIT 
Four models were used: 

L/b 5-07 6.19 7,32 g.U5 

r~ nir-wj.« r - I mi i - - ,- , 

Model iTo. 339-22 33S-1 339-23 339-^6 

The parent for the series was Stevens Model ITo « 339-I, 
which had the lines of the XPB2M-1, The other three mod- 
els were derived systematically from the parent; the rel- 
ative length-beam ratios are 

0cg2 1,00 1,1s 1.36 

The first three models were previously used for resist- 
ance and porpoising studies reported in reference 5; all 
four models were used in the studies of bow spray in 
rough water reported in reference 60 

V 

The following characteristics were investigated: 

(a) Resistance, ov^r the entire speed range to get- 

away 

(b) Porpoising and trimming mom.ent, at planing speeds 

(c) M-\in forebody spray blister, at speeds up to and 

including the hump 

(d) Bow spray, in rough water at taxying speeds 

(e) Yawing stability, rat speeds up to and including 

the hump 

In each instance, the tests were made by "general" methods 
and in accordance with the usual procedures at the Stevens 
Experimental Tovring Tank, as described in previous reports. 
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Ranges of loading coefficient and get-away speed co- 
efficient for the several models were selected from the 
analyses of past practice discussed in reference 2. These 
appeared to oe the hest information available at the start 
of the investigation, and it was considered necessary to 
restrict the "breadth of the testing in some fa.shion, in 
the interests of economy of timeu The pertinent charts 
from reference 2 are reproduced here on figure 10, from 
which it is seen that the ranges of load coefficient var- 
ied in general accordance with equation (2) on page 4» 
The approximate test ranges selected are indicated on 
these charts; the actual ranges used are listed helow^ 

L/h 5, 07 6.19 7,32 8.45 

^ ^ ^ Eigh 0.80 lo40 2,00 3,20 

Ranges of ^ ^^^^ ^ ^ ^ ^^^^ 

^ - High* 10.0 12.0 13.6 16o0 

Ranges olCv_^ ^. ^ ^ 

^ ^Q. Low 5,4 6.2 7.4 8»6 

It v/ill he seen that the ranges for each successive model 
overlap those of the preceding model. 

The "bow-spray tests v;ere run at one speed, Cy = 1.05, 

vrith three sizes of waves, having lengths of 5, 4, and 2 
"beams, all with a length-height ratio of 2Cc For each 
model at each wave size, the runs v/ere made at loadings 
from = 0.60 up to the load coefficient at which the 

model swamped and sanko 



MODELS 



The hull of the XP321I-1 was selected for the parent 
model of the series, primarily "because of the large "back- 
ground of experience v;ith this form, and with various 

*These values are nominal. Limitations of the test- 
ing facilities prevented reaching the maximum values of 
^Yq. desired. They v/ere therefore simulated appropri- 
ate changes of load in oom'bination with the maximum value 
Of Cyg^ attainahle. 
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types of systematic modifications of it, already avail- 
alDle at the Stevens Ex-per iment al Towing Tank. (See ref- 
erences 5^ 6, 8 and 9.) 

The models v/ere ouilt to the same "beam, and the same 
iDody plans were used for all four models; these are given 
on figure 5 , at full size for the models.^ 

The length was altered, thereljy altering the length- 
team ratio, iDy applying a constant multiplier to the sta- 
tion spacing of the parent model* The lorehody sections 
v/ere shifted in or out along lines parallel to a tangent 
to the forehody keel at the main stepj and the afterbody 
sections were shifted along the afterbody keel. This pro- 
cedure kept the step height and the afterbody angle fixed 
for the series, thereby eliminating two variables known 
from previous work (reference 5 ) to have major influences 
on the hydrodynamic performance in their own right, and 
obviously extraneous to an investigation of length-beam 
r at i o ^ 

No attempt war, m.ade to eliminate changes in varia- 
bles resulting directly from expanding or contracting the 
lengths of the forebody and afterbody. In this connection 
it is worth noting that the parent form has a slightly 
warped forebody bottom in the vicinity of the main step. 
The amount of the warping was automatically altered in 
direct proportion to the changes of length, and since 
forebody bottom warping is knov/n to have an independent 
effect of its own, the changes which occurred in this 
instances though small, may have had some effect on the 
r e sul t s • 

The distance from the main step to the rear gun tur- 
ret v/as held constant, thus allov/ing considerable changes 
of length in the region between the sternpost and the 
turret. The character of this region was preserved as 
far as was practicable, and the height of the turret was 
adjusted slightly as seemed desirable to insure clean 
lines. 

Profile drawings of the four models^ at reduced 
scale, are given on figure 6; pertinent particulars and 
specifications are on page 26, 

For the studies of bow spray in rough water, the 
forv;ard part of each forebody was a complete representa- 
tion of the hull; that is, the nose and v/indshield were 
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reproduced. The windshield i-ras located the same distance 
aft of the forepoirxt and the same distance ahove the tan- 
gent to the forehody keel at the step in all cases. 
Sketches of the profiles are included on flgv.ves 7 and S; 
further details will he found in reference 6» 



APPARATUS AND PROCSDURS 



The various pieces of test equipment used for the 
experiments herein reported have "been descrihed in previ-- 
ous reports of the Stevens Experimental Tov/ing Tank with 
the exception of the apparatus for general porpoising ex- 
periments. 

The reported resistances include the air drag 
of the model; the air drag of the apparatus with no 
model in place has "been subtracted. 

The equipment for measuring the forebodv spray 
"blister is descrioed in reference 8. 

The equipment used to photograph the how spray 
in rough water is descri"bed in reference. 6p 

The apparatus for determining:'^ yawing stahility 
is descri"bed in reference' 9* 

The apparatus for general porpoising tests is an 
adaptation of the apparatus used for specific porpoising 
tests, and descrihed in reference 5, with the hydrofoil 
system removed. Changes of load are accomplished hy means 
of weights so arranged that there is no alteration to the 
mass in vertical oscillation v/hen the model is loaded or 
unloaded, or during porpoising. A photograph of this ap- 
paratus is On figure 9, 

The detailed procedures used in the various experi- 
ments are described in the same references in which the 
pieces of test equipment are descrihed. ITo new procedures 
\jeve developed for the work herein reported. 

The center of gravity was located the same distance 
ahead of the step and the same distance above the keel in 
all four modelSo The location chosen was based on the 
findings of reference 10 ^ to provide suitable momont-trim 
relationships in the planing range. The values used v/cre: 
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Center of Gravity Location 

35 percent of beam forward of main ste^ 
yo percent of beam above forebody keel' 



the 



!S of 
1 ongitu.dinal 



5'or the general porpoising tests, fixed value 
mass an vertical oscillation and 
radius of gyration were established. The first of these 
was based upon the relationship for 
determine the test ranges of 



gross load used to 
loading for the various models 



- 6.05 C^^^^^ (see p. 4 and fig. 10) 
transformed to 

3 

Where m is che total mass in vertical oscillation. The 
second was based vpon the relationship 

k = 0,225 L (4) 

where_ k is the radius of gyration. Both these relatiorg 
are discussed in reference I'j, 

The tail damping was limited to 0,25, one of the 
three values of the diraens i onl e s s criterion M^^^ V b* 
discussed in reference lo. The use of a single value for 

til f .r^fi^ ''^^''^ effect, the tail area and 

the length (its distance from the e.g.) were considered 
to remain fixed when the hull length was altered with 
beam constant. 

-..A accuracy of the results can best be 

judged by the scatter of the test points on the various 
cnarts. It is believed that individual measurements were 
made to within the following limits: 

Resistance (at displacement speeds), pound „ . . , ^0.03 
. , (at planing speeds), pound ... ' ±0*05 

Trim (during resistance tests), deg io!l 

(during porpoising tests), dear ..... • 

Yaw angle, deg \ ] [ [ \ \ [ ^^^^ 
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Tr inming moment, iiicL-pound ^0,2 

Yawing moment (except in regions of dis- 
continuity), inch-pound . . , ±0.1 

Spray dimensions, inchx c . • . , ±l/2 



PHESSNT.^TIOU 01 TESI RESULTS 

The results of the tests are presented in terms of 
the usual ITACA '* C coefficients: 



Load coefficient 






Speed coefficient 


= 




Res i stance coefficient 






Trimming moment coefficient 






Ya^wing moment coefficient 






Draft coefficient 




d/l3 


Length/ "b earn ratio 


L/t 





where 

A load on v;ater, pounds 

w specific weight of water, pounds per cvIdxc foot 
(62.3 for Stevens) 

b "beam at main step, feet 

V speed, feet per secord 

g acceleration of gravity, f^^^^t p^^r s-^cond p^^r second 

R resistance, pounds 

M trimming moment, pound-feet 

yawing moment, pound-feet 

d draft of keel at main step, feet 

L length of hull from forepoint to sternpost, feet 
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Homent data are referred to the center of gravity, 
and v/ater trimming moments which tend to raise the "bov/ 
are considered positive. V/ater yawing moments v/hich tend 
to rotate the "bow tov/ard the startoard (right) are con- 
sidered positive. Yaw angles to starhoard are considered 
positive^, 

Trim (t) is the angle "between the tangent to the 
forehody keel at the main step and the horizontal. 

Yaw (\J/) is the angle "between the center line of the 
hull and the course, measured in a plane parallel to the 
still- v/ater surface. 



Resistance 

The resistance tests v/ere in two groups: free- to- 
trim at displacement speeds, and fixed trim at planing 
speeds • 

^Figures 11 to 14 show free-to-trim resistances and 
trim angles over the ra.nge of displacement speeds. There 
is one chart for each model > giving C-^ and T against 

Cy, v/ith as parameter^ 

Figures 15 to 31 shov; fixed-trim resistances and mo- 
ment characteristics at planing speeds* There is a group 
of charts for each model, each chart relating to a dif- 
ferent value of Cy, and showing Cj^ against T with 

and Cyi as parameters. The method of plotting is 

that developed "by Dawson. (See reference li « ) Trim 
limits of stability, taken from the charts listed in the 
follov/ing paragraph, also are shown. 

Porpoi sing 

Figures 32 to 35 show trim limits of stability for 
the planing range, in the condensed form of plotting dis- 
cussed in reference 10, There is one chart for each mod- 
el, giving trim limits against y ^^/Cy. Contours of con- 
stant Cj- also are shown. The trim limits are consist- 
ent with those on the resistance charts for the planing 
range, listed in the preceding paragraphs. 
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Main Fore"body Spray Blister 

Figures 35 to 39 shov/ meas:?.r ement s of the location 
of trie peak of the main forehody spray "blister, in the 
form of plotting discussed in reference P> . The position 
of the "blister peak is given v;ith respect to the model, 
as a function of and Cy^ There is one chart for 

each model o 

Bow Spray in Rough Water at Low Speed 

Figure 40 shov/s photographs of the worst spray con- 
dition at the "bov; during the course of a cycle of wave 
encounter, as selected from a series of exposures taken 
at the rate of 60 per second and covering several cy- 
cles. This chart, for the largest of the three wave 
sizes covered in the tests^ shov/s the spray in the free- 
to-trim condition for three values of , and at the 
one value of Cy selected as representative of the worst 
ccndi ti on. 

The series of photographs on figure 40 is only part 
of a larger series, reported in reference in which the 
loading was progressively increased from = 0.60, un- 

til the spray conditions "became so "bad that the model 
sv/amped. The highest loadings at v;hich each model stayed 
afloat are given in the following talDle: 

L/b 5.07 6.19 7. 32 8.45 



0-^ 1.40 2, 20 3,00 3.60 



Direct! onal Sta"bility 

Figures 41 to 44 show diagrams of yawing moment Cj,j^ 

against yav/ angle groiiped to "bring out the functional 

relation of the yav/ing characteristics, v^ith and Cy, 

in the free-to-trim, condition at displacement speeds, v/here 
yav/ing is usually of most importance. This form of pres- 
entation is discussed in reference 2 . There is one chart 
for each model* 
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The term "hooking" is used on these charts to de- 
scriloe the condition in which the unstable slope of the 
yav/ing moment curve is so steep at small yavi angles as to 
constitute, in effect, a discontinuity^ Very rapid yavring, 
or hooking, may occur in the flying boat, and the unstable* 
moments are so high that even unbalanced power may be insuf. 
licient to counteract them unless very rapidly applied at 
the first sign of yawing^ 



COMPARISONS BSTWSEIT MODELS 



Use of the usual l^TACA "C" coefficients to present 
the test results conforms with common practice in report- 
ing tests on flying-boat hull models and permits direct 
comparisons with the restilts of tests on other variables. 

It should be noted that, because the characteristic 
linear dimension in the ITACA coefficients is the beam, 
the use of these coefficients means that, in effect, 
hulls of differing length-beam ratio are compared on the 
basis of equal beam and differing length. The charts of 
test results enumerated in the preceding section can 
therefore be used as they stand to evaluate the effects 
of altering length on given beanie 

The effects of altering beam on given length can be 
evaluated by entering the charts of test results with the 
follov/ing relative values, where the parent model 
(L/b = 6,19) is considered as the basic starting point. 







Length 


Constant 






L/t 




5.07 


6,19 


7-32 


8.45 






(percent ) 


(percent) 


(percent) 


(percent ) 


Beam, b 




122 


100 


gU.6 


73.3 


Ca (for 


constant A) 


55 


100 


165 


25U 


Cr (for 


constant R) 


55 


100 


165 




Cy (for 


constant V) 


90.5 


100 


109 


117 
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Similarly, the effects of altering 1 ength-TD earn ratio 
with constant plan form area can 'oe evaluated "by entering 
the charts with 



Length-Beau Product Constant 







•3.07 
(percent ) 


6,19 
(percent) ( 


7-32 
Dercent) 


g.U5 
(percent) 


L X "b 




100 


100 


100 


100 


1 




90.5 


100 


109 


117 


■b 




111 


100 


92 


85.5 


(for 


constant A) 




100 


128 


160 


Cj; (for 


constant R) 


7^.2 


100 


128 


160 


Cy (for 


constant V) 


95^2 


100 


lOU 


103 


As 


is pointed 


Of t in the 


Int roduc t 


ion, coraparisons 



on the "basis of constant plan fori?, area are believed to 
eliiuinate most nearly the effects of differences of size 
and, therefore, to provide the "best indication of the in- 
fluence of length-bean ratio alone. Accordingly, a com- 
parison of this type has "been v/orked out from the charts 
of test results and is presented on figure 2. 

A second comparison, hut on the "basis of constant 
"beam with varying length, is included on figure 3 in 
order to bring out differences resulting from a failure 
to eliminate size changes. The introduction of a third 
comparison, on the "basis of constant length with varying 
beam, was considered, but decided against on the ground 
that it v/ould merely illustrate another way of introduc- 
ing size changes, and therefore not add materially to the 
discussion at this point. 

Each of the two comparisons shows the hydrodynamic 
characteristics of particular models, having the four 
length-heam ratios considered in the investigation, com- 
pared binder fixed conditions of load and speed. The same 
load-speed relationship is used for both comparisons, and 
the parent model (l/Td = Sel9) is identical in size in hoth 
cases. The data are given at m.odel size, and various 
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particulars for the several models are listed on the 
sheetso Data are given, or referred to, for each of the 
five characteristics covered hy the investigation. 

With reference to either of the comparisons (fig. 2 
or fig, 3) it may he said that, to a first approximation, 
increasing the length-heam ratio - 

(a) Helps the hump resistance and trim, "but shifts 
the hump to higher speed. 

(h ) Helps the high-speed resistance, 

(c) Injures the stahle range of trim angles. 

(d) Lowers the height of the main spray "blister. 

(e) Reduces the hov/ spray at taxying speeds in 

rough v/ater. 

(f) Injures the yawing stability slightly, though 

not materially altering the speed ranges 
for the various types of yawing stahility^ 

The first two of these conclusions are the same as were 
reached hy Bell, Garrison, and Zeck, in reference lo 

At first glance, the differences between the two com- 
parisons may not appear very striking. This is perhaps 
fundamentally because, from an abstract physical point of 
view, the over-all range of change of the length-beam 
ratio was not very greato From a practical point of view, 
however, the range of change was considerable, and the 
differences between the comparisons are important. Thus, 
when the length-beam ratio is increased, it is seen that 
in the second comparison (beam constant) as compared with 
the first (plan form area constant) - 

(a) The im.provement in hump resistance is greater. 

(b) The improvement in high— speed resistance is less* 

(c) The injury to the stable range of trim angles is 

1 es s o 

(d) The lov/ering of the main spray blister is greater. 
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(e) The reduction of tow spray is materially greater. 

(f) The injury to the yawing stability is a little 

less. 



A more detailed study of the comparisons seems to 
indicate with some clarity that, for the loading condi- 
tions represented, a length-team ratio of 5,07 is too 
small, and a length-team ratio of 8„45 is too largCc 
This statement is tased upon the appearance of atnormal 
trends in the principal characteristics, resistance, trim 
limits of statility, and main-spray-tlister height. Spe- 
cifically, 

With L/t = 5.07, the resistances and the main spray 
tlister increase atnormally. 

With L/t = 8,45, the statle range of trim angles 
dimini she s atnormal ly , 

The other two characteristics, tow spray and yawing sta- 
tility, v/hile protatly of secondary importance, neverthe- 
less do not offer contradictory evidence in this connec- 
tion. 

Suppose, nov:, that the parent hull v/ere increased in 
length-team ratio, from its actual value of 5,19, to 7,32 
or thereatouts. 

(l) If the plan form area were held constant (team 
dimini shed) - 



(a) 



The hump and high-speed resistances would 
te decreased. 



The lower limit of statility v/ould te 
raised. 



(c) 



The spray tlister height would te largely 
unaf f ec t ed. 



(2) If 



the 



plan form area were increased (team con- 



stant ) - 



(a) 



The hump resistance v/ould te a little 

lower than tefore, and the high-speed 
resistance a little higher. 
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("b) The lOTV'er linit of stal>ilit7 would not be 
raised as nuch as "beforeo 

(c) The spray "blister height v/ould "be lowered, 
DISCUSSION 



In appraising the results of a study of the present 
"typ^s the manner in which the changes of the variable 
under consideration are effected in the models has an 
important "bearing. The aim must he to avoid changes of 
other variables, as far as this is practicable. In the 
present instance, it is believed that by avoiding changes 
of step height and afterbody angle, the largest of the 
extraneous variables which might otherwise have seriously 
interfered with an adequate evaluation of the influence 
of length-beaii ratio have been eliminated. On the other 
hand, changes resulting solely from the alterations of 
proportion, and therefore the direct consequence of the 
choice of parent form, have been preserved as legitimate; 
they are believed to have been treated fairly in the meth- 
od adopted for altering the length. 

Length-beam ratio is a variable which differs from 
most other variables characterizing hull form (such as 
dead-rise angle, afterbody angle, etc,) in that, unless 
special precautions are taken, its effects are likely to 
be confused with the effects of changes of size* The 
precautions taken herein, of introducing a comparison of 
hulls of differing length-beam ratio on a basis of con- 
stant plan form area, is believed adequate to avoid con- 
fusion on this pointy 

The two comparisons of specific hulls actually car- 
ried through on figures 2 and 3 give an pver-all picture 
of the influence of length-beam ratio, with and without a 
change of hull size (as arbitrarily defined), for loading 
conditions approximating those of current practice. These 
comparisons are indicative, but they make no pretense of 
covering all the ramifications which alterations of length- 
beam ratio may involve, or of being conclusive in them- 
selves« In particular, they do not delineate clearly the 
rate at which the loading may be increased with increase 
of length-beam ratio, or the maximum loadings possibleo 
They are thought to provide a suitable pattern, however, 
for a more extended series of comparisons aimed at clarify- 
ing these matters more fully. 
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The data on page 13, from the tests for "bow spray in 
rough water, afford direct evidence regarding maximum pos~ 
sil)le loadings. It is seen in the following tahle that 
the values of just prior to swamping are v/ell ex- 

pressed liy the equation 

where K has a mean value of 0,0546 

L/b 5.07 6.19 7, 32 8,45 



Ca 1.40 2. 20 3.00 3. 60 

^max 

^ m.ax 

K = ,0545 .0574 . 0560 , 0504 

(L/b)^ 



The preceding equation has the same form as the 
equation adopted "by Parlrinson in reference 7 in discuss- 
ing spray, except that it uses the total length L in- 
stead of the fore'body length L^. Since the rc?.tio of 
Lf/L for the present series of models is 0,556, the 
eq'iat ion 

0^ = 0. 0546 (L/1d)^ (6) 
"max 

"becomes 

Ca^3^ = O.l-SO (LfA)' (7) 

when (Lf/o) is substituted for (L/h) . The 0.1750 con- 
stant for maximum possible loading is some 2o5 times as 
large as the constant of 0^0675, recommended in reference 
7 for "satisfactory" spray characteristics in normal serv- 
ice. Apart from all questions of the exact value adopted 
for either constant, hov;ever, the fact seems clear that 
the beam loading can be increased as the sauare of the 
length-beam ratio, whichever condition is under considera- 
tion. 

In fiirther comparative studies along the lines of 
figures 2 and 3, it is believed practical to consider 
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only what have "been referred to in this report as the 
"principal" characteristics: resistance, porpoising, and 
the main spray "blister. The pro'blem is, essentially, to 
find the influence of 1 ength-"b eam ratio, size, and load- 
ing, on these characteristics. Previous experience has 
indicated that undcsirahle how spray or yawing character- 
istics can usually "be corrected independently, hy rela- 
tively small local changes v/hich do not appr-eciahly alter 
the principal char act eri s t i c s o 

Practically all the necessary data for further com- 
parative studies are available in the charts of test re- 
sults on figures 11 to 39, The only reservation is that 
since the test ranges for the several models v/ere laid 
out in accordance with equation (2) on page , as previ- 
ously explained, the values of for low-speed tests 

at the larger values of 1 ength-lo earn ratio may sometimes 
he found to he on the high side.* 

It has "been pointed out that desirable values of the 
length-heam ra.tio, as indicated "b^;- the present investiga- 
tion, appear to lie hetv/een the two extreme values tested. 
The lov/est value tested, 5,07, fails largely through its 
excessive resistance and forehody spray; the highest val- 
ue, 8 o 45 , fails because of its abnormall^^ narrow range of 
stable trim angles, the cause of which is not very clear, 
but may perhaps be laid in part to the test procedure. 
As noted on page 9, a constant mass was used for each 
model in the general porpoising tests, this mass being 
proportional to the cube of the length-beam ratio in con- 
formity with the test ranges of C^^. Thus, with the 

radius of gyration proportional to the length, the moment 
of inertia increased as the fifth pov;er of the length- 
beam ratio. Since, in the light of the test results in 
general, a rate of increase of loading in proportion to 
the cube of the length-beam ratio now appea^rs to be higher 
than is practicable, the rate of increase of mass and mo- 
ment of inertia actually used probably v;as excessive. 
The effect of the moment of inertia on the stability lim- 
its previously has been found to be small (references Z and 10,) 
but the changes of moment of inertia involved in the pres- 
ent instance are much greater than v;ere previously con- 
sidered, and may have had more effect, 

Should further study indicate dis tinct advantages 

*Th8 charts in the appendix help to overcome this 
difficulty. 
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for the largest 1 erii^^th- b earn ra.tio (S.45) from points of 
view other than porpoising, it is possible that additional 
porpoisin/;^* tests, made with lower ma.ss and moment of iner- 
tia, might show an im.provement in its porpoising charac- 
teristics. Further consideration might v/ell he given, at 
the same time, to the value of the pitch-damping rate, 
v/hich, in the present tests, v/as held the same for all 
four models. Reference LO ma^ he reviev/ed in connection 
v/ith the mass, m.oment of inertia, and pitch-damping rate. 

It is important to keep clearly in mind that the 
present investigation refers to altering the length-beam 
ratio in a very specific way -namely, Ijy expanding the 
forebody and afterbody lengths in the same ratio and with- 
out changing step height or afterbody angle. Since the 
functions of the foreboa.y and the afterbody differ in im- 
portant respects, their respective lengths have certain 
more or less independent effects on performance, "hus, 
when the two lengths are altered in direct proportion to 
each other, the resulting performance is bound to reflect 
the combined influences of both alterations. For example, 
referring to the comparison on figure 3, it is thought 
that the progressively lov/er hu.mp resistance obtained 
when the length-beam ratio is increased, is largely at- 
tributable to the longer afterbody rather than to the 
longer forebody. Similarly, the failure of the greatest 
length-beam ratio to continue the downward trend in plan- 
ing range resistances probably is attributable to greater 
wetting of the longer afterbody. On the other hand, the 
strength of the present study is that it permits a visu- 
alization of the over-all consequences of the simple, 
specific change to which it referso 



COHCLUDIITG HEMARZS 



The test results herein presented provide the neces- 
sary material for studies of various types aimed at clar- 
ifying the significance of length-beam ratio from a hy- 
drodynamic point of view. 

On the basis of the family of models investigated, 
and the loading conditions used in the comparisons on 
figures 2 and 3, the following conclusions are indicated: 

(l) If the pi an form area, and the loading conditions 
are held constant, increasing the length-beam ratio - 
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(a) Plelps the hump resistance and trim, "but 
shifts the hump to higher speed* 

(h) Helps the high-speed resistances. 

(c) Injures the stahle range of trim angles, 

(d) Lowers the height of the main spray "blister, 

(e) Reduces the "bow spray at taxying speeds in 

rough water, 

(f) Injures the yawing stability slightly, 

though not materially altering the speed 
ranges for the various types of yawing 
st aloility ^ 

(2) If the "beam and the loading conditions are held 
constant, then, compared v/ith the foregoing case - 

(a) The improvement in hump resistance is 
gr eat er ^ 

(h) The improvement in high-speed resistances is 
less. 

(c) The injury to the sta"^Dle range of trim angles 

is less. 

(d) The lowering of the main spray "blister is 

greater, 

(e) The reduction of "bow spray is materially 

greater, 

(f) The injury to the yawing stability is much 

the same, 

(3) It seems clear enough that the "beam loading can- 
not he increased as rapidly as in proportion to the cuoe 
of the length-'beam ratio (equation (2) on p. 4) without 
important sacrifices in respect to one or more of the 
principal hydrodynamic characteristics: resistance, por-- 
poising, or main spray, A rate proportional to the square 
of the length-"beam ratiOj as discussed on page 19, appears 
to "be more nearly the maximum possihle^ 

Experimental Tov/ing Tank, 

Stevens Institute of Technology, 

Ho"boken, IT. J,, April 24, 1944. 
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APPBITDIX 



MS'TIIOD FOR PRESENTING THE PRINCIPAL CHARACTERISTICS 
OP INDIVIDUAL MODELS IN CONDENSED PORK 



The purpose of the a^ppendix is to present a condensed 
form of report on the principal characteristics of individ- 
ual models. 

Each of fi^c^ures 45, 46, 47, and 48 shows the test re- 
sults for resistance, porpoising, and main-spray-lDl i s t er 
height, for one model: 

The main spray characteristics are shown at the top 
in the same form as on figures 36 to 39, 

The free-to-trim resistances and trims for the lower 
half of the take-off speed range (in v/hat has 
"been called the displacement range) are shown in 
the middle of the sheet in the collapsed form of 
plotting discussed in reference 13, 

The stability limits and moment characteristics for 
the planing range are shown at the "bottom in the 
same form as on figures 32 to 35, Contours of 
resistance at planing speeds are superimposed as 
discussed in reference 12, 

These condensed reports are helieved to have a great 
advantage in that they condense onto one sheet all the 
pertinent information on the principal hydrodynamic char- 
acteristics of a given hull form. It is hoped that they 
may 'be used in something like the same fashion as an air- 
foil polar diagram and that, when they l^ecome availal^le 
for a larger numher of hull forms, they will provide the 
designer with a simple tool for comparing hull lines. 
They represent a coordination of developments toward this 
end v/hich have teen in progress at the Stevens Experimen- 
tal Towing Tank for several' years; they constitute the 
next step following the work in reference 12. Some fair- 
ing is necessarily done in their proparation. 

In connection with the present investigation, the 
charts may he used to advantage in er.t rapolat ing for loads 
outside of the test ranges^ 
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TABLE I 



PARTICULARS OF MODELS 



L/b 



5.07 S.19 7.32 8.45 



Stevens Model llo. 339-22 339-1 339-23 339-46 







5.40 


5.40 


5.40 


5.40 


Hull length, forepoint to 


sternpost, in. 


. 27.37 


33.45 


39.53 


45.61 






15.22 


18.60 


21,98 


25.36 






12.15 


14.85 


17.55 


20.25 






0.27 


0.27 


0.27 


0.27 






7,0 


7.0 


7.0 


7.0 


Dead rise at keel at main 


step, deg . . . 


20.0 


20.0 


20.0 


20.0 



AfterlDod^' length/ "beam . 
Step height, percent "b 
Sternpost angle, deg 
ForelDody warping, deg/ti 



2.82 


3.44 


4.07 


4.70 


2.25 


2.75 


3.25 


3.75 


5.0 


5.0 


5.0 


5.0 


8.25 


8.00 


7.75 


7,50 


2.1 


1.7 


1.4 


1.2 



For the general propoising tests, mean values of the 
mass in vertical oscillation and of the moment of inertia 
v/ere established and used throughout. These were "based on 
equations (3) and (4), respectively, on pagelO, and are 
shov/n "belov/; 



Aq, llD 3.35 6.10 10.05 15.50 

' • 0.59 1.07 1.77 2,72 

I^, Ih-in.^ 150 356 811 1658 



All trim angles measured relative to the tangent to 
the forehody keel at main step. 
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First comparison 



HYDRODYNAMIC CHARACTERISTICS OF FOUR MODELS 
OF DIFFERING LENGTH -BEAM RATIO 
WITH CONSTANT PLAN FORM AREA 



L/b 
5.07 
6.19 
7.32 
8.45 



L _b_ 

30.42" 6.00" 

3 3.45" 5.40" 

36.30" 4.96" 

38.95" 4.6 



r LINE 

^ SYMBOL 

0.73 

1 .00 

1.29 

1.6 




MODEL Speed, Ft. per Sec. 



e> 
lij 
O 



6 

H2- 

8 
4 



FREE-TO-TRIM TRACK 




Bow SPRAY AT TAXIING SPEEDS IN ROUGH WATER SLIGHTLY 


IMPROVED BY 


INCREASE OF L/B 


POSITIVE STABILITY^ ^ 


HOOKING 










L/b ■ 5.07 


TYPES OF 






L/b > S.I9 


DIRECTIONAL 






L/b = 7.32 


STABILITY — 






L/b ■ 8.45 


(YAWING) =^ 




1.0 15 20 25 


30 


35 



Figure 2 
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Second comparison 



HYDRODYNAMIC CHARACTERISTICS OF FOUR MODELS 
OF DIFFERING LENGTH -BEAM RATIO 
WITH CONSTANT BEAM 



L/b 



LINE 



-2_ ^ SYMBOL 

5.07 27.37 5.40" 1.00 

6.19 33.45" 5.40" 1.00 

7.32 39.53" 5.40" 1.00 

8.45 45.61" 5.40" 1. 00 



RESISTANCES 




0^6: 



TYPES OF- 



L/b = 619 D IRECTIONAL, 
L/b - 7.32 STABILITY 



(YAWING) 



2,5 



30 



Model Speed, Ft. per Sec. 

Figure 3. 
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2.0 

Load coefficient, 
Plerure 4.- Static properties of thq four nioiols 



o 

M 



4.0 



0^ 
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BODY PLAN OF PARENT 

XPB2M-I 

Stevens Model no. 339-1 

L/b = 6.19 



STATION NOS. ARE INCHES AFT OF 
F.R FOR THIS L/b. STATIONS REMAIN 
THE SAME FOR OTHER L/b RATIOS, 
THEIR SPACING BEING CHANGED BY A 
CONSTANT MULTIPLIER. 




SCALE: Full Size for Model 



Figure 5. 



> 



30 



T1 



PROFILE Views of models in L/b Series 

Tmc ftkwtrr »s THE XPe2M-< 

SCALE « 1/6 Full Size tor Mooq. 




'* 0 l« 4 IS.75 22:54 25.»a 28 34 jo,* 5(.9« 39 M M M 

STATION NOS ARE INCHES AfT Of FORCPOtNT fOII L/b •6.19. fOH OTMCW L/b MUCTm SMCM6 tY CONSIMIT. 



afterbody angle, angle between FOREBOOY and AFTERSOOfY KEELS. 7* 

STERNPOST ANGLE, ANGLE BETWEEN TANGENT TO FOREBOOY KEEL AT MAIN 
STEP AND A LINE JOINING TIP OF MAIN STEP WTTM TIP 
OF STERNPOST, 8* FOR L/b = 6.19. 

SUGMTUr DIFFERENT IN OTHER MODELS. 



Figure 6. 
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Full nose Profile for Rough Water Tests 

(See Page 8) 
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Full Nose profile for Rough Water Tests 

(See Page 6) 




THE LINES OF THE RORENT, MODEL NO. 339-1. ON BOTTOM OF PUGE 20 




Figure 8, 
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Figure 10. 
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(I block = 10/40 "j 



Fig. 12 




Figure IZ. 
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Figure 13. 



NACA ARR No. 4FI5 (l block = 10/40") 



Fig. 14 
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Plot of Resistance Coefficient vs. Trim 

FOR constant load COEFFICIENT AT Cy » 3.25 



with stability Limits and constant Moment lines aooeo 



/ Sr ho\ 

\ H,I5 / 
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Figure 15. 
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Fig. 16 




Plot of Resistance coefrcient vs. trim 

FOR constant load COEFFICIENT AT Cy « 3.7 1 
WITH STA8ICITY LIMITS AND CONSTANT MOMENT LINES ADDED 

FOR L/b= 5.07 



Cv'3.7 

Isn Ho'\ 
I Ha 18/ 




Figure 16. 
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Plot of Resistance coefficient vs. Trim 
For constant load coefficient at Cy - 4.64 

IwiTH STABILITY LIMITS AND CONSTANT MOMENT LINES ADDED 



FOR L/b= 5.07 



Cv = 4.64 

/sr uo.\ 




Figure !?• 
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Plot of Resistance Coefficient vs. Trim 
FOR Constant load Coefficient at Cy » 5.56 
WITH Stability umits and Constant moment Lines added 

FOR L/b = 5.07 



Cv«5.56 

/SP. N0.\ 
I "a 30/ 




Figure 18. 
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Figure 19. 
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Plot of Resistance coefficient vs. Trim 
For constant load coefficient at Cy = 3.7I 
WITH Stability limits and constant Moment unes added 

F0RL/b=6.l9 



Cv = 3.7l 
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Plot of Resistance Coefficient vs. Trim 
FOR Constant load Coefficient at Cy - 4.64 
WITH stability Limits and Constant Moment lines aooeo 



FOR L/b= 6.19 
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Plot of Resistance Coefficient vs. trim 

FOR CONSTANT LOAD COEFFlCiENT AT Cy ' 5.56 
WITH STABILITY LIMITS AND CONSTANT MOMENT LINES AODEO 

FOR L/b= 6.19 



Cv= 5.56 

/sp. N0.\ 
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Figure 22. 
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Figure 25. 
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Plot of Resistance Coefficient vs. Trim 

FOR CONSTANT LOAO COEFFICIENT AT Cy = 5.56 
WITH STABILITY LIMITS AND CONSTANT MOMENT LINES AOOEO 

FOR L/b= 7.32 



Cv=5.56 
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